Abstract We searched for correspondence between morphology and trophic habits in an assemblage of six species of coexisting carnivorans from Patagonia to confirm the predictive power of the study of the trophic morphology as an approach to the study of resource partitioning, which is often utilized in paleontological studies. The six species were assigned to four morphoguilds and to four trophic guilds, although the species composition of both spaces was only coincident during one of the two studied time periods. The most obvious explanation for this lack of correspondence is based on the assumption that species can change from one ecological guild to another, while their relative positions in the morphospace will be fixed. Therefore, the observed lack of correspondence could be searched in the context of differences between the ecological and evolutionary scales. Although morphological specialization toward some type of diet has been corroborated in our assemblage, the inference of interactions in ecological time among species from the past from its morphology must be considered with caution.
Introduction
The Carnivora usually share a unique dental pattern characterized by four different functional areas: canines and incisors, used for display, defense, killing prey, and dismembering carcasses; premolars, used as piercers or crushers; a pair of scissor-like carnassials, the last upper premolar (PM 4 ) and the first lower molar (M 1 ), adapted for cutting flesh; and the postcarnassial molars, devoted to grinding (Van Valkenburgh 1989) . Carnivoran species include a great diversity of feeding habits, which are roughly reflected in the emphasis placed on some of these functional areas. For example, specialized flesh eaters like felids possess long, robust, and sharp canines, and carnassials shaped for meat slicing throughout their length, acting like a blade. On the other hand, some mustelids emphasize the grinding area of M 1 (the talonid basin) and postcarnassial molars for breaking down hard foods like arthropods and plant materials (Ewer 1973; Van Valkenburgh 1989) . Between those extremes, there is an array of feeding types manifested in a high dental diversity. Thus, it is possible to obtain information on probable diets and prey preferences by examining teeth and furthermore to establish a connection between morphology and ecology through diet (Van Valkenburgh 1989 , 1995 Van Vankenburgh and Wayne 1994; Biknevicius and Van Valkenburgh 1996; Prevosti and Palmqvist 2001; Prevosti and Vizcaíno 2006; Figueirido and Soibelzon 2009; Prevosti and Martin 2013 ). An ecomorphological approach allows the study of the relationship between the functional design of organisms and the environment (Wainwright and Reilly 1994) , based on the premise that morphological adaptations of individuals reflect their ecological relationships (Van Valkenburgh 1995) . This approach has been applied in numerous studies of carnivorous mammal communities, both extinct and extant, including a wide range of body sizes (see Friscia et al. 2007 ). In paleontology, ecomorphological studies have identified guilds of extinct species or "paleoguilds" (Van Valkenburgh 1989; Prevosti and Vizcaíno 2006; García and Virgós 2007; Figueirido and Soibelzon 2009; Prevosti and Martin 2013) . Unlike guilds of extant species, in which their members are generally identified on the basis of shared resources (Blondel 2003) , members of paleoguilds have been identified for their morphological similitude (Van Valkenburgh 1988) . In paleoguilds, assigning species to particular guilds assumes that these are potential competitors because they share a trait, for example their body weight. Furthermore, the similarities of their morphological characteristics would allow them to use the same resources in a similar way, and this is consistent with guild definition (species using resources similarly, sensu Root 1967) .
The paleoguilds described on the basis of morphological characteristics of the species (morphoguilds) have been compared with morphoguilds of extant species (Hertel 1994; Van Valkenburgh 1988 , 1995 Palmqvist et al. 1999; Martin in press) inferring resource partitioning and trophic diversity in different environments from the past and the present. However, the correspondence between guilds established from morphological and ecological patterns in extant species has rarely been contrasted. Making that correspondence, one might confirm the predictive power of the study of the trophic morphology as an approach to the study of resource partitioning (Ricklefs and Travis 1980; Wainwright and Reilly 1994; Biknevicius and Van Valkenburgh 1996) .
Further, there is increasing evidence that co-occurring guilds of species frequently demonstrate greater morphological disparity than predicted from null expectations (Dayan and Simberloff 2005; Davies et al. 2007; Meloro 2011) . According to these authors, one of the main goals of community ecology is to explain patterns of co-occurrence among species in relation to their morphological and ecological characteristics (Davies et al. 2007) .
In this work, we carried out this comparison using as a model the trophic guilds and morphoguilds identified in our previous works from an assemblage of carnivorans from the northeastern of Santa Cruz Province, Argentinean Patagonia (Zapata et al. 2007 (Zapata et al. , 2008 . The assemblage consisted of six species: puma (Puma concolor ), pampas cat (Leopardus colocolo), lesser grison (Galictis cuja), culpeo fox (Lycalopex culpaeus ), grey fox (L. griseus ), and Patagonian skunk (Conepatus humboldtii ). Our objective was to evaluate if guilds identified through a detailed study in the field (trophic guilds, which respond to a pattern of resources in an ecological time) correspond to guilds identified through morphological characteristics of the species (morphoguilds, which represent a similar pattern but in an evolutionary time). As morphological traits were conformed in evolutionary time and feeding habits were adjusted in ecological time, we expected some disagreement between morphoguilds and current trophic guilds, showing the last ones more flexibility.
Materials and Methods

Study Area
The study area was located in the northeastern portion of Santa Cruz Province, Patagonia, southern Argentina, and belongs to the Deseado Department. It is a region of 11.000 km 2 , 50 to 300 m above sea level, which includes a protected area: the Monumento Natural Bosques Petrificados (approx. 47º 66′S, 67º 99 W) and the surroundings of Puerto Deseado city (47º47′S; 65º49′W). It is typically a flat steppe covered by tussock grasses and dome shaped spindly shrubs, with low cover (20 % to 30 %) interrupted by ravines and rocky outcrops. The weather corresponds to that of a desert biome, with rainfall and snowfall fluctuating between 110 and 150 mm, concentrated during the winter time. We distinguished two climatic seasons: 1) A relative warm and dry season, between October and March, corresponding to spring and summer; in this period, highest temperatures are reached, no rainfall is registered, and winds are of great frequency and intensity. 2) A relative cold season, from April to September, corresponding to autumn, winter, and the start of spring; this season concentrates precipitation and achieves the lowest temperatures, with frequent frosts (León et al. 1998 ).
Data Collection
We present a brief description of the methodology used in a previous work (Zapata et al. 2008) . Specimen crania were obtained from dead animals located in the study area (now in the collection of the Centro de Investigaciones de Puerto Deseado) and from the Museo Argentino de Ciencias Naturales Bernardino Rivadavia. All measured crania belonged to adult animals, as indicated by the closure of cranial sutures and tooth wear pattern (Zapata et al. 1995 (Zapata et al. , 1997a . We did not discriminate between sexes in our morphological analysis due to the absence of sex data in most specimens. Finally, the sample consisted of 33 crania from Lycalopex culpaeus; 18 from L. griseus ; seven from Puma concolor ; six from Leopardus geoffroyi; seven from Galictis cuja; and 13 from Conepatus humboldtii.
The six carnivoran species were compared in terms of the similitude of their trophic apparatus, based on 16 measurements related with the shape and size of teeth and mandibles ( Fig. 1 ; Zapata et al. 2008) . Measurements were taken with digital calipers and selected from Ewer (1973) , Emerson and Radinsky (1980) , Radinsky (1981 Radinsky ( , 1985 , Van Valkenburgh (1989 , 1995 , Van Valkenburgh and Koepfli (1993) , Van Valkenburgh and Wayne (1994) , and Biknevicius and Van Valkenburgh (1996) . These raw measurements were then combined to form dental and mandibular ratios previously considered to be functionally significant in carnivorous taxa (above cited authors and Friscia et al. 2007 ; Appendix 1).
Multivariate Description of Morphospaces
When calculating ratios, the raw data were transformed into log 10 in order to normalize the distribution of the variables and to produce normal multivariate distributions of the species in the morphospace (Ricklefs and Travis 1980; Ricklefs and Miles 1994) . Van Valkenburgh (1988 , Koepfli (1993), and demonstrated that the utilization of morphological ratios (like those utilized in our study) instead of using raw measurements, provided a more direct description of the shape of trophic structures, although possible problems derived from allometries should be taken into account. We used these ratios to construct tridimensional graphics utilizing three of them as axes of the morphospace. In all the cases, we used C1L (relative length of the upper canine) as one of the axes of the morphospace. C1L is correlated with the body weight of the carnivorans included in our study (Spearman rank correlation, r =1, p <0.001), adjusting in this way the effects of body size. The positions of the species in the morphospace are then assigned according to similarities and differences in the morphology of their trophic apparatus (Van Valkenburgh 1989; Márquez and Fariña 2003) .
Finally, a Principal Components Analysis (PCA) was used to explore relations between ratios and to complement the information on the location of the species within the mophospaces defined by the ratios. Zapata et al. (2008) Dietary Analysis and Trophic Guild Identification To test the correspondence among morphoguilds and trophic guilds, we used diet information of carnivorans from Patagonia and trophic guild identification from our previous works (Zapata et al. 2007 and references therein). The diets of these species were estimated from fresh feces collected between July 1998 and August 2000 and corresponded to the two climatic seasons mentioned above. The importance of each prey type in the diet of each predator was quantified by the dry mass of each food type in the feces × 100/total dry mass of feces, because we were not able to transform the dry weight of scats to consumed biomass for all the species. Fedriani and Travaini (2000) and Klare et al. (2011) recommended the use of the mass of diet components in the scats when no such transformation is available. With diet results, we first calculated diet overlap between species pairs by using a symmetrical overlap index (Pianka 1973) . With diet overlap values we then constructed overlap matrices called "similarity matrices." We produced two similarity matrices, which corresponded to each climatic season (spring-summer and autumn-winter). We determined guild membership by entering the similarity matrices into the clustering technique unweighted pair-group method with arithmetic averaging (UPGMA, Sneath and Sokal 1973; Jaksic and Delibes 1987) . To determine the level of similarity that defines the groups in the dendrogram (i.e., guilds), we used an objective method that allowed us to identify guilds with statistical significance (Jaksic and Medel 1990) , based on bootstrap procedures. We used one of the randomization algorithms proposed by Lawlor (1980) to resample the predator by prey matrix (dietary matrix). This algorithm retained zero values (where they were found) of frequencies of dry weight of prey (rows), independently and simultaneously for each and every predator (columns) in the matrix. The dietary overlap between all pairs of predators was computed in every iteration obtaining overlap pseudovalues. We repeated this procedure 1,000 times to obtain a frequency distribution of pseudovalues, and that overlap pseudovalue that exceeded the 95 % percentile was chosen as the cutoff point in the dendrogram (Jaksic and Medel 1990) . Statistical analyses were performed with STATISTICA 6.0 and Microsoft Office Excel for PC
Results
Morphoguilds Identification
We selected the relative length of upper canine (C1L), lower first molar blade size relative to dentary length (M1BS), and relative upper grinding area (RUGA) as axes to generate the first morphospace because these last ratios indicate opposite functions, slicing and grinding. Accordingly, felids segregate from the rest of the carnivorans for presenting a great development of the blade size of their carnassials (Fig. 2a) . In the opposite side of the morphospace, Conepatus was located, overlapping little with L. griseus, due to the great development of the grinding area of their lower molars, adapted for crushing resistant foods like arthropods and fruit. A gradient of carnivory-omnivory-insectivory/herbivory could be observed, with the canids and Galictis situated in the center of the morphospace. The smaller grinding areas of M1and M2, on one hand, and the greater blade length of M1 in the other, suggest that Galictis is the most carnivorous of the three species. In this morphospace, Puma and L. culpaeus are also separated from the rest of species due to the great development of their canines (highest values of C1L, Fig. 2a ). When replacing M1BS by the relative blade length of lower first molar (RBL, Fig. 2b ), the separation among these three groups is more evident. We excluded the felids from the morphospace ( Fig. 2c and d) , and Galictis occupied a position alone, while the positions of Conepatus and L. griseus overlapped due to the great development of the grinding area of post-carnassial molars (Fig. 2d) . Galictis and L. culpaeus occupy independent positions although the fox is still in the center of the morphospace, and so it is considered more omnivorous than Galictis. In the morphospace constructed with the mechanical advantage of the temporalis muscle (MAT) and M1BS (Fig. 2e) , L. griseus and Conepatus situated in one of the extremes, with little overlap with Galictis, Leopardus and L. culpaeus in the center and Puma alone, well separated from the rest of the species. Finally, the mechanical advantage of the masseter muscle (MAM) in relation to M1BS (Fig. 2f) separates Puma and Galictis in one side, and two groups with little overlap composed of Leopardus and L. culpaeus, and L. griseus and Conepatus, respectively.
Taking into account the relative positions of the six species in the morphospaces constructed with different combination of ratios, we identified four morphoguilds composed of: 1) Puma, who segregates from the rest of the species of the assemblage not only for its high degree of dental and mandibular specialization, but also for its great body size, which allows it to hunt and consume larger prey. 2) Leopardus with a specialized dental pattern for consuming flesh, and Galictis, whose location in the morphospace was closer to the felids, suggesting specialization in the consumption of flesh. 3) L. culpaeus, as expected for canids, possesses a generalized dental pattern for feeding on a great variety of foods, but it is heavier than L. griseus, and exhibits a major trend to carnivory. 4) Conepatus, specialized in the consumption of invertebrates or fruit, suggests trophic segregation from the rest of the species except L. griseus , with which it overlaps in the morphospace.
In the PCA, three components represented the 99.03 % of total variation (Fig. 3) . The higher values of variables contribution to each component were achieved by the relative grinding area of lower molars (RLGA), the relative size of the upper canines (C1L), and the relative blade length of lower carnassial teeth (RBL) respectively. It can be seen from the figure that the six predator species were separated into four groups that match those identified by our ecomorphological analysis. Modified from Zapata et al. (2008) Guild Structure of Carnivoran Assemblage During the autumn winter period, the carnivorans were separated into four trophic guilds that contained species that exploit resources in a similar way. The cutoff point was achieved at a similarity level of 54 % (p <0.05). The guilds were named according to the dominant prey consumed by their members. Three guilds were composed by only one species and one guild was composed by three species (Fig. 4a) ; they were: Guild I: "xenarthrans-ungulates" feeding guild composed by Puma, a large felid that ate mainly xenarthrans (Patagonian pichi, Zaedyus pichii) and big rodents (the mara, Dolichotis patagonum), and is capable of subduing ungulates larger than itself, like the guanaco (Lama guanicoe). Also the introduced European hare (Lepus europaeus) was abundant in the diet of this felid. Guild II: "rodents" feeding guild, composed by Leopardus, a small cat that consumed mainly rodent species over the year, rabbit rats (Reithrodon auritus), and Magellan's tucos (Ctenomys magellanicus ). Guild III: "lagomorphs" feeding guild, composed by Galictis and the two canids (L. culpaeus and L. griseus). Galictis behaved as a specialist in the consumption of mammals; its diet was dominated by rodents (lesser cavies, Microcavia australis, and rabbit rats were the more abundant species), but also consumed European hare in a great proportion. European hare was the most important item together with large rodents (mainly lesser cavies and rabbit rats), in the diet of L. culpaeus. A great variety of foods were included in the diet of the grey fox during this period, but rodents, European hares, and xenarthrans were the more important items. The three species converged in the consumption of European hares and lesser cavies during this period. Note that Galictis and L. culpaeus constituted a subunit inside the group (Fig. 4a) , because they consumed hares in a greater proportion than L. griseus . Though lesser cavies, a rodent species, were an important item in the diet of these predators, we named this guild as the "lagomorphs" feeding guild to make a difference with the previous guild. Guild IV: "arthropods" feeding guild, composed by Conepatus. This species ate a great proportion of arthropods during this season, though rodents, carrion, birds, and fruits were also present in its diet.
During the spring-summer, the same guilds were present, but with some variation in species composition. Puma, Leopardus, L. culpaeus, and Conepatus stayed in the same guilds but the Galictis overlapped with Leopardus (Fig. 4b) , because this species increased the consumption of rodents and decreased the consumption of lagomorphs. On the other hand, L. griseus increased the consumption of arthropods, overlapping its diet with that of Conepatus (Fig. 4b) .
Correspondence Between Morphoguilds and Trophic Guilds
Although the six species were assigned to four guilds in both spaces, the species composition of both trophic and morphological guilds was coincident only during the spring-summer. In autumn-winter, Galictis and L. griseus, which were formerly in the rodents and arthropods feeding guilds respectively, clustered together with L. culpaeus in the lagomorphs feeding guild, and therefore there was no coincidence of species in both trophic and morphological spaces. 
Discussion
Ecomorphological studies suggest that the distribution of ecomorphs in mammalian predators assemblages of great body size is predictive, independent of where or when they have existed. Each assemblage contains generalist ecomorphs (foxes, civets, chacals) in the center of the morphospace. Separated from this central group and leaving spaces among them, there are another three groups: specialists in consuming flesh (felids), specialists in consuming bones and flesh (hyenids), and weakly carnivorous species (ursids). Only the central group includes more than one family of the Order Carnivora (Van Valkenburgh 1995) . This pattern of dispersion of species is iterative in the course of evolution, despite the significant differences in the phylogenetic composition of species, although hyenids and ursids ecomorphs may be absent (Van Valkenburgh 1988 , 2007 Palmqvist et al. 1999; Purvis et al. 2001; Prevosti and Martin in press) . These studies also suggest that the pattern of resource partitioning among sympatric carnivorans remained stables for millions of years and probably reflected interspecific competition and aspects of trophic resources (Van Valkenburgh 1995 , 2007 . Moreover, ecomorphological studies in carnivorans have focused on species weighting more than 7 kg (but see Friscia et al. 2007 and references therein), because it is supposed that interspecific competition for resources would be stronger among them. Likewise, smaller predator species, like the carnivorans of our study, may be potential competitors, if they overlap in resources use (Keddy 2001) and if these are limited (Wiens 1989) . In our study, carnivorans were separated into four morphoguilds. Felids, specialists in the consumption of flesh, were located in one extreme of the morphospace; mephitids, specialists in the consumption of non-vertebrate prey and fruit in the opposite side. The rest of the species were located in the center of the morphospaces, but Galictis was located closer to Leopardus, forming the same guild; and P. griseus closer to Conepatus, forming another guild.
Our objective was to evaluate the correspondence among the relative positions of predators in ecological and morphological spaces. We predicted that ecological guilds should be more flexible than morphoguilds, as demonstrated by the results. Although the six species were assigned to four guilds in both spaces, the species composition of both trophic and morphologic guilds was coincident only during one of the studied periods. The most obvious explanation is based on the assumption that species can change from one guild to another in ecological time (Farías and Jaksic 2006) while the relative positions of species in the morphospace will be fixed. Obviously, the abundance and availability of prey impose ecological restrictions to predators and to the competitive interactions among them. Arid and semiarid environments like Patagonia are notorious for the fluctuation of trophic resources, which affect the ecology of the resident species (Korpimäki 1984; Wiens 1993; Jiménez et al. 1992; Meserve et al. 1995; Holmgren et al. 2006) . In these environments, species with trophic plasticity, like L. griseus (Zapata et al. 2005a) , may change from one guild to another, which is coherent with its generalized dental patterns, highlighting an adequate function of its trophic apparatus. Moreover, L. griseus is subjected to intraguild competition (sensu Polis et al. 1989 ) by dominant L. culpaeus. In southern Patagonia, L. griseus reduces the risk of predation by L. culpaeus by avoiding its encounter (Johnson and Franklin 1994a, b; Jiménez et al. 1996; Zapata et al. 2005a ). According to these authors, although both species are able to consume the same type of prey, L. culpaeus monopolizes those areas with more profitable prey to meet the energy demands of its large body size, and excludes the small L. griseus to areas where resources are, from an energetic point of view, less profitable (Novaro et al. 2004; Zapata et al. 2005a) . Likewise, dramatic responses of vertebrate predators to fluctuations in the density of their prey are well known in different parts of the world (Andersson and Erlinge 1977; O'Donoghue et al. 1977 O'Donoghue et al. , 1998a Redpath and Thirgood 1999; Fuller and Sievert 2001) . For example, after a collapse in the abundance of rabbits in Doñana National Park, southern Spain, the red fox (Vulpes vulpes), compensated for the scarcity of rabbits (although rabbits were not an important prey in its diet) by increasing the consumption of carrion and birds, and changed from the insects-fruits feeding guild to the birds, reptiles, and carrion feeding guild (Zapata et al. 2007; Ferreras et al. 2011) . Also, diet specialists can change from feeding guild, if their preferred prey is scarce. In our study, Galictis, a small mustelid specialized in the consumption of mammals in Patagonia (Delibes et al. 2003; Zapata et al. 2005b) , was capable of subduing introduced adult hares, which weight in average 3 k in our study area, and changed to the lagomorphs feeding guild when rodents were scarce (Zapata et al. 2005b) , overlapping with the foxes. The coherence between the morphology of its trophic apparatus and its diet would indicate an adequate function enhancing a successful trophic strategy.
Morphological specialization toward some type of diet has been corroborated repeatedly, and there are no doubts that the relationship exists. However, the inference of interactions between species of the past from its morphology must be considered with caution, as should also be predictions about morphology derived from short-term ecological studies. Our work suggests that there is not a total correspondence between morphoguilds and trophic guilds, at least in our assemblage and in the temporal scale utilized. While species occupy discrete clusters in morphospaces, the same species may occupy different places in ecological space. Nevertheless, we believe that this correspondence could be achieved with long-term studies in persistent assemblages, those in which guild structures and members composition are stable over time.
Finally, we are aware that our morphoguilds identification may be questioned, because species from different families were assigned to the same morphoguild. Morphology of related species could be affected by phylogeny, because it is expected for closely related species to be morphologically similar regardless of their diet (Ricklefs and Miles 1994; Palmqvist et al. 1999; Popowics 2003) . Friscia et al. (2007) have shown that among small carnivorans, canids tend to be phylogenetically constrained. According to these authors, canids are nearly all carnivores, except the more omnivorous raccoon dog (Nyctereutes procyonoides). This species always groups with the other canids when discriminant function analysis (DFA) was performed on morphological variables, despite its distinct diet (Friscia et al. 2007 ). The mustelids display more varied diets across the family, but still tend to group together in some analyses, implying a phylogenetic constraint on their morphology (Friscia et al. 2007 ). Nevertheless, it may occur that the morphological differences among species deviate from what is expected from phylogeny. In our study, L. griseus differs from its closest relative, L. culpaeus (Wayne et al. 1989) , because of the emphasis in the development of grinding areas of its lower molars and both were assigned to different morphoguilds.
